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CHAPTER 2: FIRE SAFETY 

THE DANGER OF FIRE 

Fire is a serious risk to life and property in all kinds of 
structures. In fact, the United States ranks near the top 
of the industrialized world in fire death rates, reporting 
13.0 deaths per million people per year from 2004-2006 
(International Association for the Study of Insurance 
Economics 2009). In 2009, an estimated 515,000 structure 
fires were reported to U.S. fire departments, which 
resulted in 3,320 deaths and 16,075 injuries among 
civilians (Karter 2009). About four out of five fires occur 
in residential structures. 

Residents of manufactured housing are at increased 
risk of fire-related injury and death (Parker et al. 
1993; Runyan et al. 1992). The death rate from fires in 
manufactured homes is higher than in other kinds of 
home fires—an excess of 32% to 50% when measured as 
deaths per housing unit (U.S. Fire Administration 2006), 

and almost double in terms of deaths per fire (Hall 
2005). Each year, fires in manufactured housing cause 
between 210 and 345 deaths, 765 injuries, and $134 
million in direct property damage (Hall 2005, U.S. Fire 
Administration 2006).1 

Children, people with disabilities and the elderly are 
especially at risk in home fires because they are less 
able to escape when fire strikes (Flynn 2008). Young 
children accounted for more than one-fifth of fire deaths 
in manufactured homes (U.S. Fire Administration 2006). 
Approximately 55% of children who were killed by 
fires in residential structures were asleep at the time of 
the fire, and 26% died while trying to escape (U.S. Fire 
Administration 2005). 

1The fire safety data for manufactured housing do not cover other categories 
of manufactured structures. 
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LEADING CAUSES OF FIRE 

Cigarette smoking is the leading cause of all fire-
related deaths (Ahrens 2003). Alcohol use is another 
common risk factor, contributing to an estimated 40% of 
residential fire deaths (Smith et al. 1999). Home heating 
equipment, which includes portable and stationary 
space heaters, chimneys, fireplaces, heat transfer 
systems, central heating units, and water heaters, is 
another significant cause of fire in U.S. housing (Ahrens 
2007). Only 2% of residential building heating fires 
involve portable heaters, but these fires account for 
25% of the fatalities ih residential heating fires (U.S. Fire 
Administration 2010). Electrical systems, which include 
wiring, power switchgear or over-current protection 
devices, transformers, and meter boxes, are another 
cause of residential fires (Ahrens 2007). 

According to the U.S. Fire Administration, many 
of the fires in manufactured homes result from 
cooking, heating and electrical system malfunctions, 
and improper storage of combustibles (U.S. Fire 
Administration 2006). Together, electrical system 
malfunctions and heating fires account for one-third 
of manufactured housing fires. The typically thinner 
insulation in manufactured structures may prompt 
greater use of supplemental room heaters, such as space 
heaters, to maintain a comfortable interior temperature 
(Manufactured Housing Research Alliance 2000). 
Heating fires in manufactured housing can be attributed 
to the increased use of a variety of supplemental room 
heaters, such as kerosene heaters, gas space heaters, 
and electrical heaters, especially when improperly 
installed, maintained, or used (Centers for Disease 
Control and Prevention and U.S. Department of Housing 
and Urban Development 2006). 

According to the U.S. Fire Administration, fires due 
to electrical causes occur nearly twice as often in 
manufactured homes as in other one and two family 
dwellings (U.S. Fire Administration 2006). Additional 
considerations related to fire safety in manufactured 
structures include unit spacing and building materials 
(National Fire Protection Association 2009). 

When fire occurs in manufactured structures, the 
damage may be more extensive than site-built 
structures, because manufactured structures are typically 
smaller than other kinds of housing and contain smaller 
sized rooms (Hall 2005), which can lead to increased 
fire spread due to flashover. 

EFFECT OF HUD’S STANDARDS 

HUD’s Manufactured Housing Construction and 
Safety Standards (the HUD Code), which apply to 
manufactured structures built since 1976, address fire 
safety in several respects. Manufactured homes built 
between 1976 and 2002 were required to have at least 
two exterior doors, a smoke detector in the hallway 
or space communicating with each bedroom area, 
as well as an egress window in each bedroom that 
provides a secondary escape route for occupants. In 
addition, the HUD Code includes flame-spread rating 
requirements for interior finish materials and fire-
stopping requirements to slow or limit the spread of fire. 
Manufactured homes built after 1976 that meet these 
construction and safety standards are issued a HUD 
certifying label. 

There is some evidence that fire safety in manufactured 
homes has improved since HUD’s standards took effect 
to require increased safety measures. The fire death 
rate in post-1976 manufactured homes (reported in 
the period from 1989 to 1998) was 54% lower than 
the death rate reported in older manufactured housing 
(Hall 2005). Additionally, heating fires have decreased 
in manufactured housing constructed after 1976 (Hall 
2005). In addition, the percentage of fires (during 1989­
1998) that were confined to the room of origin was 15% 
higher for manufactured homes built after 1976 than 
manufactured homes built before the HUD standards 
took effect (Hall 2005). 

Although the number of fatalities and injuries caused 
by residential fires, including those in manufactured 
structures, has generally declined over time, many 
residential fire-related deaths remain preventable and 
continue to pose a significant public health problem. 

THE IMPORTANCE OF 
SMOKE ALARMS 

Given the number of fire fatalities associated with 
sleeping occupants, smoke alarms are a critical 
line of defense. In dwellings of all types, including 
manufactured homes, smoke alarms reduce the death 
rate per fire by 40%-50% (Ahrens 2004). In 1994­
1998, the civilian death rate per fire in manufactured 
homes built after 1976 was 31% less if smoke alarms 
were present (Hall 2005). Since 2002 the HUD Code 
has required manufactured homes to have at least 
two exterior doors and have smoke alarms located 
in each bedroom, the kitchen/living area, stairwell 
and basement. The alarms must be hard-wired with 
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a battery backup and interconnected unless they are 
listed for use and provided with a battery rated for a 
10-year life [24 CFR 3280.208(d)(ii)]. In addition, an 
egress window is required to be installed in each 
bedroom that provides a secondary escape route 
for occupants. The flame-spread requirements were 
improved since 2002 to require lower flame-spread 
rating for the interior finish of ceiling materials. 

In a study conducted by the Consumer Product Safety 
Commission (CPSC), hard-wired alarms were found 
to be functional a greater percentage of the time than 
battery-powered alarms when both types of alarms were 
powered (Smith 1995); however, HUD has permitted 
the use of battery-only alarms with long-life batteries 
to encourage the development of this technology (U.S. 
Department of Housing and Urban Development 2002). 

Despite the HUD Code’s requirements for smoke alarms, 
approximately half of all residential fire deaths occur in 
homes without smoke alarms (Ahrens 2004). In spite 
of the relevant standards and the apparent efficacy of 
smoke alarms, an assessment conducted in 1999-2002 
found that 45% of manufactured homes built after 
1976 were reported without smoke alarms (Hall 2005). 
Another recent study of rural fires showed that smoke 
alarms were less likely to be present or operating in 
manufactured homes than other types of housing (U.S. 
Fire Administration 2006). 

TECHNOLOGIES TO CONSIDER FOR 
IMPROVED FIRE SAFETY 

In 1975 the National Fire Protection Association (NFPA) 
introduced Standard 13D: Standard for the Installation 
of Sprinkler Systems in One- and Two-Family Dwellings 
and Mobile Homes.2 Since that time there have been 
approximately ten updates to the standard to reflect 
practical experience and to accommodate such things 
as nonmetallic piping and multipurpose systems. NFPA 
Standard 13D and related standard NFPA 13R: Standard 
for the Installation of Sprinkler Systems in Residential 
Occupancies up to and Including Four Stories in 
Height have evolved and been balanced to optimize 
system costs and fire safety for specific types of 
residential occupancy buildings (National Fire Protection 
Association 2009). 

Although residential fire sprinkler systems are not a 
new technology, the International Residential Code 
(IRC) recently mandated installations in the 2009 edition 
of the code to take effect January 1, 2011. Currently, 
although the 13D standard can apply to manufactured 

2“Mobile Homes” was replaced with “Manufactured Homes” in the 1994 edition. 

homes, the HUD Code does not require the installation 
of sprinklers or other fire suppression systems in 
manufactured homes. Some manufacturers do include 
sprinklers systems within their manufactured homes or 
portable classrooms. There have been recent discussions 
about amending the HUD Code to incorporate a fire 
suppression system requirement. 

Fire suppression systems are available for RV engine 
and generator compartments. A study conducted 
by National Institute of Standards and Technology 
(NIST) found the solid propellant generator system, in 
which gas/particulate effluent is rapidly delivered by 
pyrotechnical device, to be effective in extinguishing 
engine compartment fires. Powder, aerosol generator, 
and tubular suppression systems were ineffective due 
to insufficient discharge momentum (Hamins 2000). RV 
fire suppression systems typically contain a monitor to 
trigger the release of the suppression material (foam, 
powder, or gas compounds) from a limited number 
of nozzles, and a valve to shut off the propane. Such 
fire suppression systems can be installed by the 
manufacturer or after market (Cooperative Motor Works 
undated). Some insurance companies offer discounts for 
the installation of fire suppression devices. 

Over 18% of fires start in a bedroom or the living room 
(U.S. Fire Administration 2008). CPSC has set national 
standards for the flammability of mattresses and carpets, 
but California is on the only state with standards for 
the flammability of home furnishings. The CPSC is 
considering new regulations to set a national residential 
furniture flammability standard. Upholstered furniture is 
easily ignited and frequently comprises the majority of 
a room’s fuel load. There are a wide assortment of fire 
blocking barriers on the market for padding, batting, 
and fabrics that meet the California requirements. The 
use of inherent fire resistant fibers creates highly stable 
materials minimizing the breakdown into hazardous 
components, removing the health risks to consumers, 
and reducing the need for added fire retardant 
treatments (Zuniga 2008). 

New innovations are being developed to incorporate 
flame retardants into the material. One of these 
improvements involves the use of nanoparticles with 
flame retardant properties and water or stain repellency. 
Another innovation is barrier materials that make 
polyester resin an integrated part of the fabric 
(Betts 2008). 

Other retardants that have recently become 
commercially available are nanoclays. These naturally 
occurring montmorillonite clays, which are incorporated 
into the materials, result in a slower burn with a low 
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flame temperature. Plastic manufacturers find nanoclays 
appealing since only a small amount is needed, they are 
inexpensive and they do not affect functionality (Betts 
2008). NIST is conducting research on the use of carbon 
nanofibers, alone and in combination with nanoclays 
(National Institute of Standards and Technology 2008). 

FIRE SAFETY TIPS 

Make and practice a fire escape plan with your family. 
Make sure family members can identify two ways out 
of every room. Also, pick a safe meeting place away 
from your home for everyone to go to after escaping 
a fire. Practice the escape plan with your family every 
6 months. 

Smoke Alarms 
•	 Follow HUD Code requiring smoke alarms to 

be located in each bedroom, kitchen/living area, 
stairwell, and basement (24 CFR 3280.208). 

•	 For better protection, smoke alarms should be 
interconnected so when one sounds, they all sound 
(National Fire Protection Association 2009). 

•	 If long-life alarms are not available, use regular 
alarms, and replace the batteries annually. 

•	 Test all smoke alarms at least every month using 
the test button or an approved smoke substitute 
and clean the units, in accordance with the 
manufacturers’ instructions. 

In structures that are not regulated by HUD, follow the 
HUD code or if that is not possible: 

•	 Install smoke alarms on every floor of the structure, 
and particularly in rooms in which people sleep. 

•	 Use long-life smoke alarms with lithium-powered 
batteries and hush buttons, which allow persons 
to stop false alarms quickly. If long-life alarms are 
not available, use regular alarms and replace the 
batteries annually. 

Cigarette Smoking 

People who smoke should attempt to quit. The U.S. 
Department of Health and Human Services, National 
Institutes of Health, and National Cancer Institute 
provide a free helpline (1-800-Quit Now) for smokers 
who want to quit and need help doing so. 

•	 Smokers should smoke outside the home. 

•	 If someone does smoke in the home, large, 
nontip ashtrays on level surfaces and empty them 
frequently. When emptying cigarette butts, douse 
the butts with water before discarding. 
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Cooking 
•	 Never leave cooking food unattended, and supervise 

older children who cook. 

•	 Keep cooking surfaces clean and place anything 
that can burn well away from the range. 

Electrical Circuits 
•	 Ensure that electrical outlets, extension cords, and 

electrical circuits are never overloaded. 

•	 Consult a professional electrician if electrical 
problems occur. 

Home Heating 

The increased likelihood of supplemental room heaters 
leading to fires in manufactured homes has prompted 
the USFA to offer a series of recommendations, which 
include the following: 

•	 Use only the fuel designated by the manufacturer 
for the appliance 

•	 Place vents and chimneys to allow 18 inches of 
air space between single-wall connector pipes 
and combustibles and 2 inches between insulated 
chimneys and combustibles 

•	 If you use a space heater, read the manufacturer’s 
instructions before using, and place it on a firm 
out-of-the-way surface to reduce tipping over and 
keep it at least 3 feet away from clothing, bedding, 
draperies, or other combustible material. When not 
in use, turn the space heater off and unplug it. 

•	 Place noncombustible materials around the opening 
and hearth of fireplaces and store combustible 
materials away from heat sources. 

•	 Place wood stoves on noncombustible surfaces or 
a code-specified or listed floor surface 

•	 Have home heating systems serviced annually by 
a professional. 

Other 
•	 Install skirting materials around the exterior of 

manufactured structures to prevent leaves and other 
combustible material from blowing under the units. 
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CHAPTER 3: MOISTURE AND MOLD 

INDOOR MOISTURE PROBLEMS 
Excessive moisture in buildings is the root cause of 
multiple health and safety problems in all types of 
structures, including manufactured structures. The 
leading causes of moisture problems in buildings include 
the following: 

•	 water leaks through faulty roofs, doors, and 
windows 

•	 infiltration through cracked foundations and wet 
crawl spaces 

•	 lack of ventilation to reduce excess humidity 

•	 condensation of water vapor on cold surfaces when 
inside humidity reaches high levels 

•	 catastrophic events, such as a flood. 

The growth of mold in buildings is a direct result of 
moisture problems. Water damage, other moisture 
problems, and excessive humidity also can cause wood 
rot and deterioration of building materials, dust mites 
and other pests, and bacteria, such as Legionella. There 

are thousands of species of mold, which is a category 
of fungus that grows into multicellular filaments. 
Molds reproduce through spores, and these spores 
are common throughout the environment. Virtually 
everyone is exposed to mold spores on a daily basis, but 
whether an individual is affected by mold depends on a 
number of factors, including the intensity and duration 
of exposure, the species of mold, and individual 
susceptibility. 

From time to time, mold spores encounter the three 
conditions they need to grow: moisture, warmth, and 
nutrients (i.e., organic materials such as starch and 
cellulose). When these conditions occur in buildings, 
then mold may grow on surfaces such as walls and 
floors. Many kinds of building products used in 
manufactured structures provide nutrients that support 
mold growth, including insulation, wallpaper, glues used 
to install carpeting, and the backing on drywall. 
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MOLD AND MANUFACTURED 
STRUCTURES 

Although mold may grow in any building that develops 
warm, moist conditions, manufactured structures, 
especially those in hot, humid climates, may pose some 
special challenges. A study of manufactured houses in 
the Gulf Coast region (Manufactured Housing Research 
Alliance 2003) pointed to two kinds of problems: 
pressure imbalances and vapor retarders and air 
barriers. Moisture-related problems involving pressure 
imbalances occur when these pressure differences drive 
air (and water vapor in the air) to move to locations 
where moisture accumulates and/or condenses. These 
imbalances are caused by uneven distribution of 
conditioned air, duct air leakage, and air leakage through 
the building shell. Moisture-related problems involved 
vapor retarders and air barriers occur when the air/ 
water vapor mixture encounters a poorly located vapor 
barrier (such as inside a wall assembly) where moisture 
condenses, or when an air barrier fails to adequately 
limit air flow and the air/water vapor mixture enters 
cavities where it condenses. Common locations for these 
problems include exterior wall assemblies, flooring 
(bottom board and ground cover), and ceilings. 

A number of building materials and practices in manufac­
tured structures warrant discussion for their potential role 
in mold and moisture issues, as described below. 

Flooring 
Some elements of flooring in manufactured structures 
can promote the growth of mold. For example, both 
the carpet and the padding for wall-to-wall carpeting, 
which is frequently used in new homes (including 
manufactured structures), readily absorb and hold excess 
moisture and also can collect dirt, dander, food crumbs, 
and a host of other nutrients that support the growth of 
microorganisms. A nutrient-rich carpet combined with a 
high level of moisture is an ideal environment for mold. 

Under the carpeting pad is floor sheathing, which 
generally consists of a single structural layer, or, less 
commonly, a two-layer system with a structural layer 
beneath a separate underlayment. The most common 
floor sheathing is particleboard, followed by oriented 
strand board (OSB), and plywood. All wood products 
absorb moisture but OSB takes longer to absorb moisture 
and to dry out. In contrast, plywood both absorbs 
moisture and dries out more quickly (Fisette 2005). 
Materials that take longer to dry out are more likely to 
“telegraph,” i.e., put pressure on neighboring walls or 
floors, because the wet materials remain in an expanded 
state longer than dry ones. 

Fiberglass insulation, which is commonly used to 
insulate floor systems in manufactured structures, 
is highly porous and can hold a significant amount 
of moisture. If moisture infiltrates the floor system, 
condensation may form in the insulation, potentially 
leading to mold. This can dramatically reduce the 
insulating properties of the fiberglass (Manufactured 
Housing Research Alliance 2000). 

Polyethylene membranes are commonly used in 
manufactured structures to wrap the floor system. If 
the floor system gets wet, the membrane can prevent 
water from draining away from the structural materials 
and slow the drying process. In the case of a significant 
plumbing leak, water spill, or condensation in the 
floor frame, it is not uncommon to find water pooling 
on top of the bottom board within the floor cavity 
(Manufactured Housing Research Alliance 2000). 

Walls and Windows 

Although HUD Code requires that exterior coverings be 
weather resistant, no clear prescriptions are provided for 
flashing and sealing around window and door openings 
(24 CFR 3280.307). Wall systems are susceptible to 
rain leakage at window and door flashings and at 
improperly sealed penetrations (openings where wires, 
pipes, or other structures enter, or external openings 
to compartments such as those that hold hot water 
heaters) (Manufactured Housing Research Alliance 
2000). OSB, particleboard, and some panel products 
used on manufactured structures may be thinner than 
comparable products used on site-built structures. 
As when used in floors, these materials may absorb 
moisture and retain it for long periods. 

Windows offer less resistance to the flow of heat than 
walls. In winter, the temperatures on interior glass 
surfaces can fall to near outdoor temperatures and 
below the dew point of the indoor air. This can cause 
water to condense and even freeze on interior surfaces. 
When the frozen water melts, it can pool on window 
ledges and run onto and pool on floors. Double-paned, 
low U-factor windows can help reduce the chance of 
condensation on windows. 

In warm weather, moisture damage can occur within 
wall cavities through a similar process. When the indoor 
air is cooled by air conditioning, moisture condenses 
on the backside of the wallboard. As shown in Figure 
3-1, using a vapor retarder on the inside of exterior 
walls can trap this moisture within wall cavities, 
setting up conditions for mold and structural damage 
(Manufactured Housing Research Alliance 2000). 
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Vinyl-covered wallboard 

Swelling due to 
moisture condensation 

Condensation 

Vapor retarder 

Hot 
humid 
air 

 Figure 3-1: Moisture problems in manufactured homes (Manufactured Housing Research Alliance 2000, used by permission). 

Roofs 

The roof system is a home’s primary weather barrier 
as well as its main thermal barrier. The roof assembly 
consists of shingles or other finish material typically 
nailed over a rain screen, sheathing, a roof truss frame 
that provides an attic cavity, the ceiling insulation layer, 
and, finally, the interior ceiling board. Leaks can develop 
around roof penetrations, such as vents and skylights. 
Moisture from the living space, e.g., from the kitchen or 
bathroom, also can infiltrate into the roof system, and 
condense or freeze. When this frozen water later melts, it 
drips onto the ceiling material. 

Ice dams are common for manufactured homes and 
site-built homes in climates that get a lot of snow. They 
occur when either insulation is insufficient or warm 
home air enters the roof cavity through penetrations in 
the ceiling. In both cases, the roof sheathing is warmed 
enough to melt snow resting above it on the shingles. 
The melted water trickles down to the colder surfaces 
at the edge of the roof, where it refreezes and forms an 
ice dam on top of the shingles. Eventually, additional 
melt water backs up and seeps through the bottom 
edge of the shingles and into the roof cavity, then 
drips on the ceiling or wall surfaces and in cavities. 
Ice dams can be combated by providing adequate 
attic ventilation, adequate insulation (especially over 
the top plate of exterior walls), providing a double 
layer of roofing underlayment at the eaves to extend at 
least 24 inches horizontally from the inside surface of 

exterior walls, removing accumulated snow manually 
and ensuring that gutters are not blocked by ice, snow, 
or debris (Canadian Asphalt Shingle Manufacturers’ 
Association 2001). 

Heating, Ventilation, and Air Conditioning Systems 

Controlling the relative humidity level in a home can 
minimize the growth of some biological contaminants. 
Standing water, water-damaged materials, or wet 
surfaces serve as a breeding ground for mold, mildew, 
bacteria and insects. House dust mites thrive in humid, 
warm environments. A relative humidity in the range 
of 30 to 50% is recommended to minimize the growth 
of mold and dust mites in the home. Reducing these 
two indoor air contaminants is essential to managing 
the negative health impacts they can have on occupants 
(discussed below). 

Manufactured structures typically come with heating, 
ventilation and air conditioning (HVAC) system 
components. Typically, the evaporator is installed at the 
manufacturing plant inside the air handler, while the 
condenser is installed on site. Heated or cooled air is 
distributed through a duct system located in the floor or 
attic space. In most manufactured structures, air returns 
to the furnace through an intake grille in the door or 
wall of the equipment closet (Manufactured Housing 
Research Alliance 2000). 
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During the heating season, it is not uncommon to find 
manufactured structures with unvented propane or 
kerosene heaters used as auxiliary heat, despite nearly 
universal warnings by manufacturers against the practice. 
Unvented heaters can add 5–15 gallons of water a day 
to the air. A kerosene heater that burns 2 gallons of fuel 
per day can raise the relative humidity from 55% to 70%, 
which is sufficient to cause condensation on building 
surfaces (U.S. Department of Energy 2008, Manufactured 
Housing Research Alliance 2000). 

Air conditioning equipment is often associated 
with moisture problems due to improper sizing. Air 
conditioners are designed to dehumidify inside air 
as well as cool it. Moisture problems can arise from 
oversized units that cycle on and off too quickly, 
cooling the air without reducing the humidity. Moisture 
problems can also arise if an air conditioning system 
cannot properly dispose of the condensate it removes 
from the air or if air that conditioned cools the surface 
of building materials enough to cause condensation. 

When an air conditioner is operating properly, the 
condensed water produced drips into a collecting pan 
at the bottom of the coil and flows from there into a 
condensate line, a sloped pipe that drains water outside 
the home. On a hot, humid day, a central cooling system 
can discharge 10 gallons or more of condensate water 
through its drain line (Manufactured Housing Research 
Alliance 2000). For any type of home, if the condensate 
line becomes clogged, the water in the drain pan 
overflows into the furnace or onto the floor, or both. 
Materials such as dust, animal dander, sediment and 
mold growth can accumulate to block a condensate 
line. To drain properly, condensate lines also require a 
trap, similar to the trap under a sink. Condensate lines 
without a water-filled trap will suck in air, preventing 
water from draining while the fan is operating. This sets 
up conditions for condensate to overflow the collecting 
pan. Either of these situations can result in extensive 
soaking of interior building materials that is favorable for 
mold growth (Manufactured Housing Research Alliance 
2000). 

Filters clean the air taken up by heating and cooling 
equipment. In any type of home, if filters are not 
changed frequently enough, they will clog with dirt and 
restrict the volume of air reaching the heating or cooling 
elements. “Starved” for air, the fan may begin pulling air 
from around the edges of the coil and the condensate 
pan, preventing the water from running out of the 
condensate drain and causing it to spill over. Since an 
air handler is not watertight, the spilled water often 

makes the equipment closet floor wet. Such problems, 
particularly in equipment closets with difficult-to-access 
screw-on panels, may go unnoticed for long periods 
of time and contribute to mold growth (Manufactured 
Housing Research Alliance 2000). 

Wet and damp ducts are linked to many building 
moisture problems, whether in site-built or 
manufactured homes. Ducts have dark interiors with 
high relative humidity and offer an ideal environment 
for mold growth. Water can get into ducts and collect at 
low spots through condensate pan overflows or other 
spills that find their way into the air distribution system. 
In addition, a flooded duct can readily overwhelm the 
dehumidification capacity of an air conditioner, thereby 
significantly raising the relative humidity and initiating 
mold growth throughout the interior (Manufactured 
Housing Research Alliance 2000). When located within a 
conditioned space (i.e., within the pressure and thermal 
boundary), specification of a mastic-sealed, insulated, 
metal duct system for both supply and return ducts 
represents the gold standard for healthy air distribution 
from a central system. 

Moisture can also enter buildings through operation 
of mechanical ventilation systems during humid 
weather conditions. This is particularly a problem in 
humid climates for site-built or manufactured homes 
without supplemental dehumidification systems or 
independent dehumidification control. Without proper 
dehumidification, ventilation requirements (24 CFR 
3280.103) intended to improve indoor air quality and 
remove moisture during cool dry periods can have the 
opposite effect during warm humid weather, with a 
resulting increase in humidity in the home and increased 
likelihood of mold growth (Manufactured Housing 
Research Alliance 2000). 

Crawl Spaces 

A crawl space is the space between a home’s flooring 
and the ground. The ground in the crawl space should 
be completely covered with a polyethylene sheet or 
other vapor barrier and sloped to shed rainwater away 
from the home. Not all manufactured homes may be 
suited for gutters, but if a home is, installation of gutters 
and downspouts to direct water away from the home 
can be useful for keeping the foundation dry and sound 
(24 CFR 3285.203). Even with these precautions, crawl 
spaces can be a significant source of moisture (see 
Figure 3-2). Crawl space moisture comes from water 
vapor evaporating from the soil, infiltration of humid 
outdoor air through vented crawl space walls, rainwater 
runoff, and spills and other water leaks (Manufactured 
Housing Research Alliance 2000). 
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Crawl space foundations are typically ventilated to allow 
water vapor to escape from the area under the dwelling. 
In humid climates, however, crawl space ventilation 
can actually increase moisture levels in the crawl space 
because, during the hot/humid months of the year, the 
vents allow moist air to enter from outdoors. Humidity in 
the crawl space air then condenses on cool surfaces like 
air-conditioning ducts or the cool underside of the floor 
sheathing. This condensation can accumulate to cause 
mold, rot, and attract termites and other pests. Soaked 
insulation from the condensation may also fall out of 
the floor system, leaving the floor system both wet and 
uninsulated. 

Besides humid ventilation from outdoors, other 
problematic sources of moisture in crawl space 
foundations include ground moisture that escapes when 
the plastic ground cover is missing or torn; water from 
plumbing leaks in the crawl space area; and clothes 
dryer vents that are terminated in the crawl space and 
thus dump their moisture there. These items are shown 
in Figure 3-2. 

HEALTH EFFECTS OF MOLD 

Mold can threaten a person’s health in several ways 
(Bush et al. 2006; Institute of Medicine 2004; Seltzer 
and Fedoruk 2007). First, some molds produce volatile 
organic compounds, such as alcohols, ketones, and 
esters, which cause the musty odor often associated 
with mold growth. Approximately 6%-10% of the 
general population and 15%-50% of persons who 
are genetically prone to allergies are allergic to mold 
(Institute of Medicine 2000). The most common 
symptoms include runny nose, eye irritation, coughing, 
congestion, and exacerbation of asthma in persons who 
have the disease. 

Second, mold can also adversely affect health by 
triggering immune responses. Some immune responses, 
such as allergies, are familiar and symptoms include 
sneezing, cough, runny nose, red eyes, and a skin 
rash. Asthma commonly has an immune component, 
and exposure to damp indoor spaces can aggravate 
this condition as can exposure to mold (Institute of 
Medicine 2000, 2004). More severe immune responses, 
such as a lung disease called hypersensitivity 
pneumonitis, are far less common. 

Gaps in 
polyethylene sheets 

Drain pipe leaks Dryer vent 
not connected 

Figure 3-2: Moisture problems in the crawl space (Manufactured Housing Research Alliance 2000, used by permission). 
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Third, some molds can cause infections. The victims of 
such infections are typically people with compromised 
immune systems, such as transplant patients, 
chemotherapy patients, or people with infections such as 
HIV. Aspergillosis, which is caused by Aspergillus, is the 
best known such infection. 

Finally, molds may also produce another class of 
chemicals, called mycotoxins. Mycotoxins are metabolic 
byproducts of molds and are toxic to humans and 
animals. Mycotoxins are suspected of causing disease 
from mold exposures in buildings, but scientists remain 
uncertain about the nature and extent of mycotoxin­
related disease (Bennett and Klich 2003; Institute of 
Medicine 2004). 

ASSESSING MOLD PROBLEMS 

Methods for assessing the presence of mold include 
visual inspection and laboratory testing of air and dust 
(Institute of Medicine 2004; Macher 1999; New York 
City Department of Health 2000). Visual inspection by 
a knowledgeable person is the simplest, fastest, and 
least-expensive assessment method. Such an inspection 
includes looking for damp spots, evidence of water 
stains, mold growth, and the presence of musty odors 
(Macher 1999). 

Because laboratory analysis is costly and produces results 
that often are difficult to interpret, current guidance 
discourages analysis of environmental samples for mold 
in most situations (Centers for Disease Control and 
Prevention 2006; Institute of Medicine 2004). However, 
such analysis may be appropriate if a mold-associated 
disease is suspected or if visual inspection cannot be 
done (a rare occurrence in a manufactured structure) 
(New York City Department of Health 2000). Guidelines 
to interpreting such test results are available (http:// 
pollen.utulsa.edu/Rostrum.pdf) (Horner et al. 2008). 

A portable moisture meter, which directly measures 
moisture levels in building materials, may help identify 
water leaks and areas of potential mold growth that are 
not obvious by visual inspection. A moisture meter also 
can be used to directly measure moisture content after 
water damage occurs.  Finally, moisture meters can be 
used to monitor the drying of water damaged materials. 
Depending on the design, moisture meters may have a 
thin probe that is inserted into the material to be tested 
or may be pressed directly against the surface of the 
material for a noninvasive reading. Moisture meters 
can be used on materials such as carpeting, wallboard, 
wood, brick, and concrete (U.S. Environmental 
Protection Agency 2001). 

CLEANING UP MOLD PROBLEMS 

When mold is found in any structure, two responses are 
needed: clean up the mold and eliminate the moisture 
source that facilitated the mold growth. EPA’s Brief 
Guide to Mold, Moisture and Your Home (http://www. 
epa.gov/mold/pdfs/moldguide.pdf) provides practical 
tips to occupants. The approach to a mold clean-up 
effort depends on site-specific factors such as the 
surface contaminated (porous or nonporous), extent of 
the contamination, and presence of highly susceptible 
occupants (Macher 1999, Morey 2000). 

For relatively limited areas, such as superficial mold on 
the floor near a bathroom leak, individuals can perform 
the clean up themselves. For nonporous surfaces, 
such as hard surface floors and countertops, clean up 
is accomplished using a detergent. For contaminated 
porous materials, such as ceiling tiles, wallboard, carpet, 
or upholstered furniture, replacing the material rather 
than cleaning it is often the best mitigation option 
(New York City Department of Health 2000, U.S. 
Environmental Protection Agency 2001). 

Different types of biocides are used to kill mold, 
including alcohols, aldehydes, halogens, hydrogen 
peroxide, phenolics and quaternary ammonium 
compounds (Foarde 1998). However, biocides can 
pose a potential hazard to human health (Foarde 1998; 
Macher 1999; U.S. Environmental Protection Agency 
1997), and dead mold material often still retains 
allergenic or toxic properties (Institute of Medicine 
2000; Foarde 1998). CDC recommends cleaning moldy 
areas with detergent and water; if that does not work, 
then CDC recommends using bleach, which does get 
rid of the allergenic and toxic properties of mold. Note: 
Ammonia and bleach should never be mixed, as this 
may produce chlorine and other poisonous gases, or 
lead to an explosion. 

Because clean up, replacement work, or both— 
especially for larger jobs—might disturb mold and 
release fungal spores into the air (U.S. Department 
of Housing and Urban Development 2006), some 
authorities recommend hiring a contractor trained in 
mold remediation to do this kind of work. 

Evaluating Health after Exposure to Indoor Mold 

People who develop symptoms following exposure to 
mold should seek a proper medical evaluation. While 
some medical problems, such as wheezing, coughing 
and sneezing, have been associated with exposure to 
mold and moisture, these symptoms may also result 
from other causes, so a full evaluation is necessary. 
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PREVENTING AND CONTROLLING 
MOLD PROBLEMS 

The two keys to controlling mold in buildings are 
keeping exterior moisture out of the building and 
controlling moisture from internal sources (U.S. 
Department of Housing and Urban Development 
2005). Controlling moisture and mold problems in 
manufactured structures requires not only design and 
manufacturing strategies but also certain actions and 
behaviors by the occupants of manufactured structures. 

Design and Construction Issues 

First, ensuring the building envelope is weather tight 
is essential to avoid water leaks in the roof, windows, 
and doors. Exterior water intrusion can be prevented 
by good flashing techniques around windows, roof 
penetrations, and doors. This allows the building 
envelope to shed rain water down the building. Once 
this water reaches the ground, site drainage systems 
should channel water away from the dwelling and not 
let water collect or pool underneath the unit. 

Second, manufacturers should consider enhancements in 
design and building materials to reduce the potential for 
mold and moisture problems in manufactured structures. 
A few examples are noted below. Additionally Chapter 
9 discusses more opportunities for enhanced indoor air 
quality and durability of manufactured structures. 

•	 Install moisture-resistant flooring for areas such 
as bathrooms, laundries, and utility rooms where 
floors are likely to get wet. Currently, HUD Code 
advocates for moisture resistant flooring in these 
areas (24 CFR 3280.305) but the code language 
leaves a loophole that permits manufacturers to 
install non-moisture-resistant floor coverings over 
moisture-resistant or sealed subfloors. 

•	 While exhaust fans are generally required in 
bathrooms and kitchens by HUD Code (24 CFR 
3280.103), performance can be enhanced by 
installing exhaust fans with field capacity that tracks 
closely with rated capacity (more often achieved 
by higher quality fans and/or fans with minimum 
6-inch-diameter ducts). Exhaust fans controlled by 
a humidistat switch or a humidity sensor in the fan 
itself also help to reduce moisture and humidity 
indoors. 

•	 Place HVAC ducts in the ceiling instead of the 
floor to reduce the risk of water collecting in 
ducts from leaks. 

Third, differences in climate and humidity need to 
be taken into account in controlling condensation in 
manufactured structures. The HUD Code offers guidance 
to manufactured housing manufacturers for controlling 
condensation. One method is using a vapor barrier 
or vapor retarder. Vapor retarders are materials with 
a permeance of 1.0, meaning that these materials will 
slow the rate of moisture diffusion through the building 
envelope. Vapor retarders include common construction 
materials such as kraft paper facing on insulation batts 
and plastic sheeting, as well as products like special 
paints or a vinyl coating adhered to gypsum wallboard 
(Manufactured Housing Research Alliance 2000). 
Deployed properly, vapor retarders should minimize 
the amount of water vapor that diffuses into exterior 
wall assemblies, thereby preventing condensation and 
moisture problems. 

Installation of vapor retarders like plastic sheeting on 
the living side of the building envelope (such as just 
behind the drywall) is well suited to prevent wintertime 
condensation problems in cold climates, because the 
plastic prevents humidity from the indoor air from 
getting into the colder parts of the wall cavity where 
it would condense. However, vapor retarders must be 
approached differently in air-conditioned homes in 
hot, humid climates. In these homes, moisture from 
humid outdoor air may diffuse into the wall cavity and 
eventually reach the plastic sheeting if it is still installed 
just behind the drywall. In this scenario, the plastic 
sheeting and the drywall it is next to will often be cool 
because they are adjacent to the cool, air-conditioned 
interior of the home. The cool surface of the plastic 
sheeting (the vapor retarder) will create a condensation 
point for the airborne moisture from outdoors. Since 
the vapor diffusion differential will continue to push 
humidity from the outdoors towards the dryer indoors, 
more and more condensation will take place and 
accumulate in the wall cavity. This accumulation of 
moisture and water in the wall will lead to mold, rot, and 
other problems. Seasonal drying of the wall may take 
place if the climate is mixed, and during the colder part 
of the year vapor diffuses back towards the outdoors. 

This problem scenario is due to an inappropriate 
location of the vapor retarder in the wall considering 
the climate. HUD Code now permits, but does not 
require, a vapor retarder to be installed on the exterior 
of wall insulation in humid climates or mixed climates. 
Manufacturers who specify an exterior vapor retarder in 
lieu of an interior vapor retarder in these climates are 
expected to reduce moisture and mold problems in their 
units (24 CFR 3280.504). 
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